The status and performance of the NSLS 700 MeV ring and 2.5 GeV ring is described. Emphasis is placed on properties of the stored beam pertinent to synchrotron radiation production, the factors determining these properties, and efforts to improve performance of the rings.
Introduction
In the past two years, I the injector and storage rings of the National Synchrotron Light Source have been put into operation. The Bunch Dimensions in the VUV Ring Bunch length measurements have been performed using a Hewlett-Packard 1815B sampling oscilloscope connected to a stripline monitor. Thus far, data has been taken at 750 MeV with nine bunches stored and oscillating due to longitudinal coupled bunch instability. The stripline signal varied from 320 ± 30 picoseconds FWHM for a 60 picocoulomb bunch to 440 picoseconds for a bunch containing 1.7 nanocoulombs. The expected damped bunch length is 323 psec. Since the damped length of a bunch at 605 MeV in the X-ray ring is 120 psec FWHM, the 150 psec signal from an identical stripline monitor in this ring implies that the delta-function response of the device is 90 psec FWHM.
Transverse beam dimensions have been measured at two points in the ring, using a scanning slit placed in front of a photomultiplier tube. Results are summarized in the Table. The data show that the horizontal emittance varies by less than 60% for stored currents between 40 mA and 200 mA. In contrast, the vertical emittance increases three fold between 40 mA and 200 mA. At currents below 10 mA, the horizontal emittance remains about 50% larger than the expected damped emittance, and the vertical emittance is consistant with 7% coupling. The increase in the vertical emittance with current is attributed to ion trapping by the beam. Ion trapping would also account for the large tune spreads observed at currents above 20 mA.
Betatron tunes are measured using a HewlettPackard 141T spectrum analyzer, 8553B RF section and 8443A tracking generator. Generally, the 10 dbm output of the tracking generator applied to a stripline kicker is sufficient to produce a measurable betatron signal at the stripline monitor. Presently the working point is vx = An undulator has been installed in the VUV ring for the free electron laser experiment.
The magnet is constructed entirely of rare-earth cobalt permanent magnet blocks, arranged to give thirty-eight full periods of length 6.5 cm. The vertical magnet gap and peak mid plane field can be varied from 6 cm and 0.2 tesla to 1 cm and 0.75 tesla. The undulator can be operated as a high-flux sycnhrotron radiation source for wavelengths between 80 and 500 A.
The undulator will also be used as a 3500 A light amplifier and, ultimately, as a free electron laser. In preliminary studies to the undulator gap has been closed to 1.5 cm, for the purpose of adjusting the electron optics of the ring to compensate for the edge focusing effect of the undulator, and to allow viewing of the first harmonic of the undulator in the visible spectrum, about 5000 A.
A tune splitting R.F. cavity has been designed for the VUV ring. It will operate at the fortieth rotation harmonic, 235 MHz, with a gap voltage of 2.8 kilovolts. It will produce a 5% spread in synchrotron tunes. The cavity is designed to have a shunt impedance of 500 0 and a bandwidth of 20 MHz, and will serve as a longitudinal feedback kicker as well. The resonant frequency of the cavity is positioned midway between the fortieth and forty-first rotation harmonics, so that there should be no change of the coupled bunch instability threshold when the ring is operated with three or nine buckets filled. 
X-Ray Ring
Machine studies on the X-ray ring have been aimed at closed orbit measurement and correction at 0.6 GeV and 2 GeV. Though the closed orbit is not in its final position, residual errors are small enough to allow installation of the X-ray beamline front ends. Lifetime measurements at 2 GeV and low current (0.25 mA) give (-d = 20 minutes. This is consistent with the gas scattering lifetime expected for the presently attained chamber pressure, 2 x 10-8 torr.
Three magnets are in various stages of 9 preparation for the X-ray ring straight sections.
A superconducting high-field wiggler has been built and trained to six tesla; it will be installed by May of this year. The magnet has five high-field poles and two half-field poles. It will have a full vertical beam aperture of 2 cm. It will produce a continuous photon spectrum with critical wavelength Ac = 0.5 A when the X-ray ring is operated at 2.5 GeV.
A "hybrid" wiggler, constructed from rare-earth cobalt permanent magnets and vanadium-permandur poles, is being designed and tested. Its dimensions are based on calculations done by K. Halbach.
This magnet will have a 1.3 tesla peak midplane field when its vertical aperture is closed down to 2 cm. With twelve periods of wavelength 13.6 cm, it will produce a continuous spectrum of photons with critical wavelength Ac = 2.3 A. Enhanced intensity will be available in the 1 A region.
A true undulator is also being designed to produce a very bright source of soft X-rays. It will be built from permanent magnets and iron poles. The magnet will have foyry periods of wavelength AO = 7.5 cm. Its K value can be varied from 0.5 to 1.5. It will be used for experiments employing spatially coherent soft X-rays in the 30 A region.
